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Abstract

in salt loaded rabbits.

with the control, in the salt loaded rabbits.

Background: This study was conducted to evaluate the therapeutic benefits of oral administration of extracts of
Acalypha wilkesiana leaves on some serum parameters that are indicators or risk factors of cardiovascular diseases,

Method: Thirty experimental rabbits used for this study were randomized into five groups (A to E) of six rabbits.
Rabbits in groups A to D were given salt loaded diets. Groups B and C animals were also treated with aqueous and
ethanol extracts of Acalypha wilkesiana leaves respectively while rabbits in group E served as control.

Results: Salt loading resulted in a significantly (P < 0.05) higher serum albumin, cholesterol, LDL-cholesterol and
lower serum globulin, HDL-cholesterol, triglycerides, as compared with the control. Treatment with Acalypha wilkesiana
leaf extracts (aqueous or ethanol), at a dose of 300 mg/kg body weight, resulted in a significantly (P < 0.05) higher serum
triglycerides, HDL-cholesterol, globulin, and lower serum total protein, albumin, LDL-cholesterol, cholesterol, as compared

Conclusion: Acalypha wilkesiana may be useful in the management of risk factors of cardiovascular diseases.

Keywords: Acalypha wilkesiana, Salt loaded diet, Ethanol extract, Aqueous extract, Cholesterol

Background

Sodium, an essential nutrient, is the principal cation of
extracellular fluid and a major determinant of intravascu-
lar fluid volume. There are considerable human and ani-
mal experimental studies implicating excessive dietary salt
intake in cardiovascular diseases especially hypertension
[1, 2]. Increase in blood pressure leads to damages to the
kidney, heart, blood vessels, brain and the eyes. Major risk
factors are; age, elevated LDL-cholesterol level, low HDL-
cholesterol, microalbuminuria. Analysis of blood samples
also show abnormalities in plasma fasting blood glucose,
total cholesterol and HDL-cholesterol, etc. These deleteri-
ous effects of excess salt can be managed with the use of
medications or medicinal herbs.
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Medicinal herbs are plants which contain substances that
can be used for therapeutic purposes, of which are precur-
sors for the synthesis of drugs [3]. Acalypha wilkesiana,
commonly called Irish petticoat, Jacob’s coat and Copper
leaf (local name), belongs to the family Euphorbiaceae, sub-
family Acalyphoideae, tribe Acalypheae. The plant is native
to the south pacific islands (Bismarck Islands, Fiji, Vanuatu).
The plant has been reported to contain sesquiterpenes,
monoterpenes, triterpenoids and polyphenols [4]. The leaves
reportedly contain saponins, tannins, anthraquinones and
glycosides [5]. Characterization of A. wilkesiana leaf extracts
by gas chromatograhy-mass spectrometry (GC-MS) indi-
cated that glycoside, terpenes, and alkaloid were present
while the major components detected from the isolated
yellow oil of A. wilkesiana were 15-hydroxy pentadeca-
noic acid, 2-ethyl — 2-methyl tridecanol, pentadecanal,
n-decanoic acid and cholesterol [6]. GC-MS chromato-
gram of the aqueous leaf extract of A. wilkesiana muell
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arg indicated the presence of nine compounds (mostly
straight chain alkanes) which includes iminostilbene, 5-
acetyl-2-amino-4-methyl thiazole, pentadecane, octade-
cane, eicosane, heptadecane, nonadecane, tetratriacon-
tane, 2-decyldodecylcyclohexane and 2-methyltricosa
ne, as well as carboxylic acids [7]. These alkanes have
been reported to possess a good antimicrobial effect
especially on Enterococcus faecalis and Staphylococcus
aureus [7].

The plant has antimicrobial and antifungal properties
and in traditional medicine, the leaves are eaten as vegeta-
bles in the management of hypertension, a risk factor for
cardiovascular diseases, being a diuretic plant. However,
the scientific basis for its use in the management of risk
factors of cardiovascular diseases has not been rational-
ized. Thus, the aim of this study was to evaluate the effects
of oral administration of extracts of Acalypha wilkesiana
leaves on some serum parameters that are indicators or
risk factors of cardiovascular diseases, with a view to as-
certaining its therapeutic benefits, using salt loaded ex-
perimental rabbits.

Methods

Plant materials

Acalypha wilkesiana leaves were purchased from gardens
within Benin City and authenticated at the Department
of Plant Biology and Biotechnology, University of Benin,
Benin City. The leaves were properly selected to remove
unwanted materials and then air dried. The dried leaves
were then pulverized into fine powder and weighed.

Preparation of ethanol extract

Two hundred grams of the pulverized leaves was soaked
in 800 ml of ethanol (95%) for 72 h (3 days). The mixture
was occasionally stirred using a magnetic stirrer to ensure
proper mixture of the vessel content. The content was
then filtered using a sintered funnel, (which is equivalent
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to four folds of bandage or sheet of cheese cloth). The ex-
tract (filtrate) was then concentrated using rotary evapor-
ator and weighed [4].

Preparation of aqueous extract

Two hundred grams of the pulverized leaves was soaked
in 800 ml of distilled water for 72 h (3 days), and treated
as described above for ethanol extract [4].

Preparation of salt-loaded diet (feed)

The salt-loaded diet (8% NaCl and 92% feed) used for this
study was prepared by mixing eight (8) grams of analytical
NaCl (from BDH Chemicals, England) with ninety-two
(92) grams of the feed. The mixture was fed to the experi-
mental rabbits, ad libitum [8], as described in the experi-
mental design below.

Experimental animals

Thirty adult male rabbits of the New Zealand strain, weigh-
ing between 1.0-1.6 kg, were used for this study. The ex-
perimental rabbits were obtained from local breeders
within Benin City. The rabbits were kept in the animal
house of the Department of Biochemistry, University of
Benin and maintained on a 12-h light and dark cycle in
clean disinfected cages. They were allowed free access to
feed (standard pelletized growers feed from UAC- Vital
Feed, Jos, Plateau State) and water throughout the duration
of the experiment. Prior to the commencement of the
study, the animals were allowed to adjust and adapt to the
new environment for a period of 3 weeks [9]. The experi-
mental procedures performed on the animals were
approved by the Animal Ethics Committee of the Faculty
of Life Sciences, University of Benin, Nigeria. The use of
rabbits for the study was also according to the Ethical
Guidelines Involving Whole Animal Testing of the Animal
Ethics Committee, Faculty of Life Sciences, University of
Benin. After 3 weeks of acclimatization, the experimental
rabbits were then randomized into five groups (A to E) of
six (6) rabbits each.

Experimental design
The rabbits in the groups, A, B, C, D and E were treated
as follows;
Group A rabbits: were given continuous salt-loaded
diet.
Group B rabbits: were given salt-loaded diet and
treated with aqueous extract.
Group C rabbits: were given salt-loaded diet and
treated with ethanol extract.
Group D rabbits: were given salt-loaded diet and not
treated with the extract.
Group E rabbits: were neither given salt loaded diet
nor treated with the extract (Control).
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Groups A, B, C and D rabbits were fed with the salt-
loaded diet for a period of seventy (70) days. After the
70th day, group A animals were maintained on the salt
loaded diet till the 77th day while groups B and C animals
were discontinued on the salt loaded diet (after the 70th
day) and treated with aqueous and ethanol extracts of
Acalypha wilkesiana leaves respectively, till the 77th day
(i.e. for a period of 7 days). Also, after the 70th day, group
D animals were discontinued on the salt-loaded diet and
given normal diet till the 77th day, while group E animals
were neither given salt-loaded diets nor treated with the
extract throughout the duration of the experiment (i.e. it
served as control) [8].

Administration of Extracts

Five grams of the concentrated extracts were suspended
in distilled water for administration to the experimental
animals. The extracts (aqueous or ethanol) were admin-
istered orally at a dose of 300 mg/kg body weight for a
period of 7 days [8].

Collection of blood

After 70 days of salt loaded diets and prior to treatment
(i.e. Day 71) with the extracts, blood samples were col-
lected from the veins located on the dorsal side of the
ear lobes of the experimental animals (rabbits), using
sterilized hypodermic needles. Also, on the 78th day,
after treatment with the extracts for a period of 7 days,
blood samples were collected from the animals. Blood
samples were collected into plane sterile universal tubes
immersed in ice. The tubes were centrifuged at
3500 rpm for 10 min and clear serum obtained which
were used for further analysis [8].

Assay methods

Triacylglycerol (TG) and Total Cholesterol (Chol) were
determined by the method of Neetu and Neelima,
(2013) [10]. HDL - Cholesterol (HDL) was determined
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by the method of Leticia, (2014) [11]. LDL — Cholesterol
(LDL) was by the equation of Friedwald [12]. (LDL-chol-
esterol (mg/dl) = Total Cholesterol -TG/5 - HDL-
cholesterol). Glucose was determined by the methods of
Basul et al. [13] and Renjie et al. [14]. Total Protein (TP)
was determined by the method of Dipali et al. [15],
(Biuret method). Albumin (ALB) was by dye binding
method [16]. The amount of Globulin (GLB) was calcu-
lated as a difference between total serum proteins and
serum albumin. All reagents were purchased from RAN-
DOX DIAGNOSTIC, UK.

Statistical analysis

Data are represented as Mean + S.E.M (n = 6). Significance
of difference was tested by Student t-Test, ANOVA and
Turkey-Kramer test, using the GraphPad Instat Version 3
(GraphPad Software Inc. San Diego, California U.S.A.).
Statistical Significance was set at P < 0.05.

Results

The effects of oral administration of extracts (aqueous
and ethanol) of Acalypha wilkesiana leaves on some
serum parameters in salt loaded experimental rabbits,
are as described below.

Table 1 shows the effect of salt loading for 70 days on
the mean serum cholesterol, triglycerides, HDL-
cholesterol and LDL-cholesterol levels (mg/dl) of normal
rabbits. All the groups given salt load (groups A, B, C
and D) showed significantly (P <0.05) higher levels of
cholesterol, LDL-cholesterol and lower levels of triglyc-
erides, HDL-cholesterol as compared with the control
(group E), after 70 days of salt loading. Administration
of the extracts (aqueous or ethanol) of Acalypha wilkesi-
ana leaves, at a dose of 300 mg/kg body weight for a
period of 1 week, resulted in significantly (P> 0.05)
lower levels of cholesterol, LDL-cholesterol and higher
triglycerides, HDL-cholesterol levels.

Table 1 Serum Cholesterol, Triglycerides, HDL-Cholesterol, LDL-Cholesterol (mg/dl) of salt-loaded rabbits; treated with aqueous (B)
and ethanol (C) extracts of Acalypha wilkesiana leaves, continuous salt loading (A), salt loaded and non-treated (D), non-loaded and

non-treated (E)

GROUP
SERUM DAY A (Cont. Salt) B (Salt + Ag. Ext) C (Salt +Et. Ext) D (Salt + No Ext) E (Control)
CHOL (mg/d) 71 94.69 + 806 93.09 + 603 96.93 + 857" 9151 + 3.36 5904 + 6.83
78 99.96 + 536 70.18 + 392" 6432+ 700" 86.92 + 6.05 60.27 + 561
TG (mg/dl) 71 7747 + 846 75.28 + 7.94° 73.09 + 83" 73.76 + 9.34 11822 + 932
78 7053 + 463 8464 + 406 8932 + 529" 7645 + 384 11840 + 897
HDL (mg/dl) 7 4841 + 287 4684 + 573 4698 + 678" 4595 + 2.94 86.32 + 592
78 4325 +518 6773+ 785" 6577 + 373" 4966 + 890 8547 + 881
LDL (mg/dl) 71 1465 + 847 1340 + 428" 1296 + 582" 1412 £ 550 —12.04 + 418
78 1724 + 697 6.09 + 538" 408 + 964" 1204 + 412 —~11.31 £ 305

Data represent Means + S.EIM (n = 6). For each serum parameter, Means with different symbol *, ™ along columns, are significantly different (p < 0.05)
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Table 2 shows the effect of salt loading for 70 days on
the mean plasma glucose, serum albumin, globulin and
total protein levels (mg/dl) of normal rabbits. All the
groups given salt load (groups A, B, C and D) showed
significantly (P <0.05) higher levels of albumin and sig-
nificantly lower levels of globulin, as compared with the
control (group E), after 70 days of salt loading. Adminis-
tration of the extracts (aqueous or ethanol) of Acalypha
wilkesiana leaves, at a dose of 300 mg/kg body weight
for a period of 1 week, resulted in significantly (P > 0.05)
lower levels of albumin, total protein and significantly
higher levels of globulin.

Discussion

Hypertriglyceridemia is a recognized risk factor for cor-
onary heart disease [17]. High triglyceride (TG) is a trait
common in many conditions, including insulin resist-
ance, hypertension, and centrally mediated obesity [18],
and in lipase deficiency [19, 20]. Increased risk is
thought to be manifested largely through a reduction in
HDL cholesterol [17]. However, since elevated triglycer-
ides result in significantly altered composition of all
plasma lipoproteins, the contribution of other pathways
to this increased pathology is possible.

As with the effect of salt load on plasma glucose levels
of the experimental animals, the serum triglyceride also
decreased due to salt loading. This may signify increased
energy metabolism in the animals. Increased sodium also
stimulated increased lipolysis and glycogenesis. This may
be responsible for the decreases in the levels of glucose
and triglycerides. Treatment with the extracts resulted in
further decreases in the plasma glucose levels and sig-
nificantly higher serum triglycerides, as compared with
the untreated group. This may suggest a sparing effect
of the plant on the triglycerides breakdown with conse-
quent increase in glucose utilization. Thus, salt loading
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tends to increase the breakdown of triglycerides or in-
crease the rate of lipolysis.

The liver both produces and breaks down cholesterol, as
needed. Broken down cholesterol is normally excreted
into the bile, but with chronic hepatitis C, there is some-
times a blockage of bile flow either inside the liver (due to
cirrhosis) or outside the liver (most often due to gall-
stones), as a result of which blood cholesterol rises. The
more the bile flow is obstructed, the more elevated the
cholesterol will become. The increase in total cholesterol
may be due to cirrhosis or gallstones, since it is significant.
The significantly lower cholesterol levels after treatment
with the extract may be possibly due to the steroids (phy-
tosterols) constituent of the plant leaves [4], as reported in
our previous study of the plant, which is higher in the
ethanol extract. The plasma cholesterol-lowering proper-
ties of plant sterols have been known since the 1950s [21].
The composition of plant sterols and plant stanols lowers
blood cholesterol levels by inhibiting the absorption of
dietary and endogenously produced cholesterol from the
small intestine and the plant sterols/stanols are only
poorly absorbed themselves.

Cholesterol contained in HDL particles is considered
beneficial for the cardiovascular health, in contrast to
“bad” LDL cholesterol [22]. HDL serves to remove chol-
esterol from peripheral cells to the liver, where the chol-
esterol is converted to bile acids and excreted into the
intestine [23]. This function may be affected by salt load
as it resulted in lower serum HDL-cholesterol levels of
the experimental animals. After 1 week of treatment
with the extracts (aqueous or ethanol) of Acalypha wilk-
esiana leaves, the HDL-cholesterol levels were seen to
be significantly higher in the treated groups, when com-
pared with the untreated group (D). This indicates the
possible protective or beneficial effect of the plant with
respect to cardiovascular health. An inverse relationship
between HDL-cholesterol levels in serum and the

Table 2 Plasma Glucose (mg/dl) and serum Albumin, Globulin, Total Protein (g/dl) of salt-loaded rabbits; treated with aqueous (B)
and ethanol (C) extracts of Acalypha wilkesiana leaves, continuous salt loading (A), salt loaded and non-treated (D), non-loaded and

non-treated (E)

GROUPS

DAY A (Cont. Salt) B (Salt + Aq.Ext) C (Salt + EtExt) D (Salt + NoExt) E (Control)
PLASMA GLUCOSE (mg/dl) 71 74.13 + 882 7333+ 811 7747 + 685 76.53 + 6.33 94.80 + 5.05

78 7275 + 2.79 66.75 + 0.82 67.26 + 0.83 80.23 + 467 9530 + 4.52
SERUM ALBUMIN (g/dI) 71 633+ 0.74 6.15 + 108" 587 + 043 560 + 0.54 2924018

78 7.08 + 0.09 358+ 042" 270+ 032" 457 + 039 285+ 0.26
SERUM GLOBULIN (g/dl) 71 1.16 + 0.83 108 + 029" 115+ 105 107 £0.15 367 + 1.29

78 102 + 035 195 + 094" 203 022" 1.56 + 0.54 371 068
SERUM TOTAL PROTEIN (g/dl) 71 648 + 0.17 6.66 + 0.10° 6.89 + 1.57° 6.28 + 0.06 739 + 101

78 6.11 + 024 402+ 035" 479 +017" 662 + 038 759 = 0.85
Data represent Means + S.E.M (n=6). For each serum parameter, Means with different symbol *, “* along columns, for each parameter, are significantly

different (p < 0.05)
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incidence or prevalence of coronary heart disease (CHD)
has been demonstrated in a number of epidemiological
studies. The importance of HDL-cholesterol as a risk
factor for CHD is however recognized [24].

Studies have repeatedly demonstrated a strong associ-
ation between both total and LDL-cholesterol concentra-
tion and coronary heart risk. There is a strong link
between mean fat consumption, mean serum cholesterol
concentration and the prevalence of coronary heart dis-
ease. The exception is where cardiovascular risk is only
moderate-perhaps owing to high alcohol consumption
[25]. In recent times, there has been a decline in the
prevalence of atherosclerosis and atherosclerosis —re-
lated deaths possibly due to effective management of the
risk factors that predispose to this disorder. The major
identified risk factors are elevated LDL-cholesterol, re-
duced HDL-cholesterol [26] hypertension and non-
insulin dependent diabetes mellitus [27]. Lowering of
serum lipid concentrations, particularly LDL and VLDL
fractions is therefore considered as one of the strategies
that can delay the on-set of chronic disorders associated
with hyperlipidemia in humans. The plant (A. wilkesi-
ana) may be beneficial in this respect, since treatment
with the extracts of the leaves resulted in decreases in
the serum levels of LDL-cholesterol and corresponding
increases in the serum levels of HDL-cholesterol.

According to the low-density-lipoprotein (LDL) recep-
tor hypothesis, development of atherosclerosis is caused
by a high concentration of LDL-cholesterol in the blood.
Lowering LDL-cholesterol concentration therefore re-
verses, or at least retards the onset of atherosclerosis,
thus preventing cardiovascular disease. Research findings
have proved that lowering the concentrations of plasma
lipids could diminish the complications of atheroscler-
osis and hypertension thereby prolonging life [28, 29].

The observations that salt increases glycaemic re-
sponse attracted considerable attention in the light of
the observed association between hypertension and dia-
betes [30, 31]. Reports by Yang et al. [32], Idowu et al.
[33] and Ma et al. [34] had further highlighted some of
the severe complications associated with both diseases.
However, the plant may be a potential hypoglycemic or
anti-diabetic agent, since it had a reducing effect on the
plasma glucose levels.

Total protein, a measurement of all the proteins in the
blood (many of which are produced by the liver), is a
test of the functional status of the liver. Salt loading had
no effect on serum total protein (g/dl) of the experimen-
tal animals. However, administration of the extracts re-
sulted in significant decreases in the levels of total
protein. This may be connected with the protein content
of the leave which is lower in the aqueous extract and
higher in the ethanol extract, comparatively [3], as our
previous study showed. Proteins demonstrate numerous
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biological functions such as enzymes, regulator of me-
tabolism, as antibodies and component of complement
system. Plasma proteins maintain the osmotic pressure
of plasma. They transport hormones, vitamins, metals
and drugs often serving as reservoirs for their use. Most
plasma proteins are synthesized in the liver, and are of
relevance to the clinical laboratory. The most common
changes in the protein concentration in disease result
from the acute phase reaction proteins. Examples of
such proteins are X;-antitrypsin, a-acid glycoprotein, ce-
ruloplasmin, Albumin, transferin hepaloglobin etc. [35]

Salt loading resulted in significantly higher serum al-
bumin (g/dl) in all the groups given salt load. Albumin
is essential for maintaining the oncotic pressure in the
vascular system. The increase in albumin levels due to
salt loading may be an attempt by the homeostatic
mechanism of the animals to balance the effect of in-
creased oncotic pressure due to salt load. Albumin helps
in transporting small molecules through the blood, in-
cluding bilirubin, calcium, progesterone, and medica-
tions [36], and plays an important role in keeping the
fluid from the blood from leaking out into the tissues.
However, administration of the extracts resulted in sig-
nificant decreases in the serum albumin levels of the
treated groups. Since sustained increase in sodium and
chloride ions (occasioned by salt loading) expands
asymptotically the extracellular fluid space by inducing
thirst and water drinking and causing, through its os-
motic action, an internal redistribution of fluid from the
intra- to extracellular compartment, the liver possibly
up-regulated the synthesis of albumin to balance the
oncotic pressure to ensure normal physiology. This how-
ever, may be countered by the effect of the plant as occa-
sioned by the decrease in albumin levels after treatment
with the extracts (aqueous or ethanol). In those with
ascites, a complication of liver cirrhosis that results in
an abnormal accumulation of fluid in the abdomen,
there may also be up-regulated albumin synthesis, but
blood levels will be low due to the larger volume of
distribution.

Salt loading resulted in significantly lower levels of serum
globulin. The globulins perform a number of enzymatic
functions in the plasma, but equally important, they are
principally responsible for the bodys both natural and
acquired immunity against invading organisms [37]. High
salinity tends to decrease or depress the normal synthesis
of globulin in the experimental animals, which was relieved
at cessation of salt load, as indicated in the untreated group.
Administration of the extracts however, also resulted in an
increase in the globulin levels, with the aqueous extract
shown to be significantly higher. This may be connected
with the actions of some of the phytochemical constituents
of this plant like the flavonoids, saponins and anthraqui-
nones [5], which are related to immune functions.
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Conclusion

Salt loading resulted in; increased LDL-cholesterol, total
cholesterol, albumin and decreased triglycerides, HDL-
cholesterol, globulin, which are risk factors for cardio-
vascular diseases. But treatment with Acalypha wilkesi-
ana leave extracts (aqueous or ethanol) had a reducing
effect on the serum LDL-cholesterol, total cholesterol,
albumin, total protein and an increasing effect on HDL-
cholesterol, globulin, which is beneficial in the manage-
ment of cardiovascular diseases. Thus, Acalypha wilkesi-
ana may be useful, as claimed in traditional medicine, in
the management of cardiovascular diseases.
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